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[f&#* 1 1 

Ot- 5 CC^SJSiSHtcisv^T, ¥-#)&BM&MtfO. 0±0. 2xiO" 7 /TO 
fcfbtflCA L/LOt*t-f/|^l 0 X 1 0" 7 Jai*JOigfflT* *) , S i 0 2 , A hO 
3. P 2 0 5 ?rtfL, 0-89. 0%X-$>&Z tZ&Wi 

P2O5 S i 0 2 > A 1 zOaOJta* 

P2O5/S i O2 0. 1 2 3 0 - 0. 1450 

P2O5/AI2O3 0. 2 7 0 - 0. 330 

[W*JM3] 

or- 5 o'cossiEiaK.fc^-c, o . o±o. ixio- 7 /uw 

iWCA L/L^»ft^-ft/J^it5i ? 8 x 1 0- 7 Wrt^Ilf* 19 , Si0 2 , AI2O3 
, P 2 0 5 £-^rU -e<7)^-ftfi^KS"&^T*8 6. 0 - 8 9. 0%T^^:^#gt 

[IS^JPU] 

P 2 Os <h S i 02, A 1 2 03<7)Jt7& ? 

P2O5/S i0 2 0. 1 2 3 0 - 0. 1 4 5 0 

P2O5/AI2O3 0. 2 7 0 - 0. 3 3 0 

[«*«5] 

WtfiiJ&BlffiO^ig&li^Sa* 5 0 nm-9 0 nraWii-C^^It^tltt^, IS 

*JI 1 - 5 <n^-fftfr),z%?M<F>-?f7**.y < y * x 0 
[St 7 ] 

±IS B H H fflt LT^-Si (/8-S i O2) , iii^/i^li^-SM^ (/?-S i 
[IS*«8] 

PbO, NazO, K2O. B2 O3 $lfr*^Lti:^Zt*m®.t-fZ>^ IS« 1 - 7 
[fg*^9] 

S i O2 5 3 - 5 7 % 

P2O5 7. 0-8. 5% 

A 1 2O3 2 3 - 2 6 % 

<omm<r>&WLftZttLf£i>*bi>, PbO, Na 2 CK K2O, B 2 Os £^fflft & 

^m.tf7**%k&imMmirz>z t izx vnbti, ±^^t (/?-sio 

2) , fcJOVifciip-H^B** — s i O2BM) fc-g-trc t IS 
[W^JM l 0 ] 

KiW^T% Li 2 OJ&53-£3. 5-4. 5%©IimtSB*J|9i:!e«©)!f 

wxmi 1 ] 

MgO 0. 5-1. 5%t3*&/tti& 

ZnO 0. 1-1. 5%*J:0 f /ifel± 
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CaO 0. 5-1. 5%&£U t /ifzli 

BaO 0. 5-1. 5 % is J; If/ £ tz (± 

T i O2 1. 5-3. 0%j3 iOV* ^{i 

Z r O2 1 . 0 - 3 . 0 %& «fc Xj/t tzi* 

A s 2 O3 0.5-1.0% 



im*m 1 2 ] 

g B B 9 ftiiit^fiSA ? 7 5 or -8 0 Ot-C^^^t^fiifct^, ISI30S1-1 1 
1 3 ] 

[If M 1 4 ] 

ISM 1-12 <D^-?1xfrK%zm<nJf"7 *-k7 ^ y t^Zm^tz*) 7/7 "7 -ffl^;^ 

[i»*^i 5] 

/ n - * f - v i tz f i 1^ ^ ;u x r- - V o 
1 6 1 
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[0 0 0 1 ] 

muut Lxmrn^mmzmmx z , &i<z&mt*mfrmmmw<7>&mm®.mt t lxw 

[0 0 0 2] 

Cld"?, :£BS3ffl«f-£iV>T rA L/LOfl+dt-ft/MtJ <b(±, 0 °C<7)B#0 #7 X -t: y 
5 y *X<7>J|£ L. S^TT^-tv 5 v ? XCOitM<V : &%.lZ jott^M^O^-fb*^ A L <h 
U -e<7>ftii<7>^iEB^i3&t&, A L/L<7)ffi<7)ft;MitS/Mii<7>M£^-t *><D-e&.z> 

o 

[0 0 0 3] 

ift (a) ^0. 0 + 0. 2 X 1 O-VrWrt^^^CA L/LO^+^g-flt/Mil^ 1 o 
X 1 0" 7 ^l*]co^H, ft£ L< k±m^w^%wo. 0 + 0. lXlO'Vmrt, * 

[0 0 0 4] 

, Xffiimvfizisllrzxm?-^- h (filittfiX^HtfrSjSj^ If lilting K) ^js^T, & 

±IS H H H ffiJ^H<7)^ B B H OX^?^J^Jt{±2 0*I^lt L < > L < t± 1 0*«, ft£ 

[0 0 0 5] 

tit ISO. 2 4 8 /<mOKrFI/-f-jt, jfifiO. 1 9 3^mOA rFV-f-jt 
, M0. 157^m<7)F 2 U-^-3t*m^Zt3iffi<Dm&&&A,lZftibtlXi$ *)\ 
lzfofflH:¥m#.m&*MM1r'< < U=f-UE P L (Electro Projection Lithography = «T- 

fflV^EUV (Extremely Ultra Violet) K^ttii^^i^lltV^o 
[0 0 0 6] 

c n h ^mfcmm. k *s it a >xmt »j ^57^- n« v»«, *l * #j*iB*t u ai» w^- 
ft & ffifii* sftfiM* a** a ft r v » 4 o 

[0 0 0 7] 

a^iiftiiiicftffl^tiTi^atcit s i *t*H>s i o 2 w*w*>&#\ 

S i ##^*i*<D¥*&*»3Bf&S#*« = 30X1 0- 7 /ti:^IIt^ •) , JttRKHgjggi 
■C*«6S i O2 #*r-C « = 5 X 1 0-V'Cfc?*#||JK'fbU£*Ri:'*-S*iB«SR«Ftt^t±ta 

[0 0 0 8] 

(CVD= Chemical Vapor Deposition) &CT§S*ii£ft&S i 0 2 -T i O2 Jhify 

a^o^fii * ait & £ t 75> ? -e § < , # £ ft s & mymzw-o x l 

[0 0 0 9] 
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5$**7^^S i 0 2 -T i 0 2 ^#7^tt#CitLT, -JfcWfcSWiMffc^x-C 
f±, @*Ofi!^I#1££3!?!£-e£S i0 2 -Al 2 03-Li 2 O^ifiEfSJIffcarv x 

^^nrjo(9, «xtf, *?!$wj:m2 Ktt, Tio 2> z ro 2 swfrfcSJB 

[0010] 

ttz, #^^3(3fi, Ti0 2 , Zr0 2 ^^WM^UL/:, ** 7 X^7v^ 

^tffflTF ztix\,^z>o ;w^7^-t75 7 7^?)fOTiMi « = 0 ± 5 xio-Vt: 
t m m -c h <o w x-m&ir % % m m. <n m&& 3R#1£ £ l t v > & v > 0 

It^tM 1 ] 3 - 7 7 1 3 7^# 

[tM2] *®#fM 8 5 1 3 7 2-f-H^^5» 

[t^M3] #i^S2 66805 i^mmm 

[0 0 1 1 1 

[00121 

(1) mi&Bmftftitt^irZZto 

(2) ffiJtLT/&£gcMffi$7)^¥rt-C&£^ to 

(3) ^m&zmmmtzn, mi*<D¥-i%&&*i = f-mimmx&z>z t 0 

(4) ^^^f^S^igiii^<7)i^#75 ? ft/Mi-e^^ c: t 0 

(5) ^a^Jjl, ^^<7)XfStci3V^T^<7)^Hi:^^N a 2 0. K 2 OJ&7>£^rL 
[0 0 13] 

■fftfr-ib'XIttitL S Iffl'J v*t~7 ? j -J£#TK*rtT<L#&, Sf&WTOtit^^jf^ffi^ 
1fcte.mz.tziJ' ? 7,*:^ \ 7 7*, -eft^ffiW^T.?, 7t;^^S#^7-, -^i^-xf 

[0 0 1 4 1 

^a^;t#^co±is H B H ffi^*i-^ 77' -7^-1:7 5 7 7*iz;fc^-c, or- 5 oT^sj^fgH 

K;JoV>T¥^i»7li£lfc7} ? 0. 0±0. 2 X 1 0- V°CJil|*k &f>rj^c A L/L^)iM 

-«/Mg7) s 10x1 0 - 7 Ay,r*3-e^> & #7 7; -t 7 5 7 7 x , «t 19 sf^ l < ti¥^;^ B B H *iT-s 

?f14£^U &«j£JBSie-CKfflfcfc£ P b O. NazO, K2CK B 2 0 3 i^^t^W 
IMi^ct^ifciit, TOf7^-t7 5 7 7* <£ f) 4St&M 

[0 0 15] 

&a*o. o + o. 2 x 1 o-vt:j^i*i^^i7ic a L/L<7)mjzm-m'bmtfi o x 1 o- 7 
tm<7>mmx& n , sio 2 , ai 2 o 3 . p 2 o 5 £^fru ^^it-ft^Miw^-cs 

6. 0-8 9. 0 : i *!f|g!ti *"7^t 7 ^ 7 7 XT-*, , 

[0 0 16] 

W*Jf|2 tciemofp^i, P 2 0stSi0 2 , A 1 2 0 3 <7>Jt7j ? 
P2O5/S i O2 0. 1 2 3 0 -0. 1450 
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P2O5/AI2O3 0. 2 7 0 - 0. 3 3 0 

[0 0 17] 

IS>RJI3 iiIE®<7>#£^ti, 0 t:- 5 orofij^lSHH^v^T, ¥^W^I5:7i ? 0. 0 
±0. 1X1 A L/Lcoft^H-ft/h-fi^S x 1 0- 7 Wl*|<7)$EHT- 

*»K S i O2, AI2O3, PsOs^^-f L, -e^^fti^KfiW^-eS 6. 0-8 9 

[0 0 181 

W*JM4 izUm^S&Wli. P 2 0 5 tS i 0 2 > Al 2 0 3 OJ:b^ 
P2O5/S i O2 0. 1 2 3 0 - 0. 1 4 5 0 

P2O5/A I2O3 0.270-0.330 

[0 0 191 
[0 0 2 01 

IS«6 KfB*tf>|&9i*±, *»fiii^ B H H ffico^^ H B H tiT-g^ 5 0 nm - 9 0 nm«|fflt 
[0 0 2 1 1 

ism 7 Kum<nmm±, ±g B H jnt/?-5$ (/?-s io 2 ) . isxif/ttz^ 

(/?-S i 0 2 H*£#) ^-g-tfC t ^#^ti-^,|fM 1 -6cov^tL^ 
KlEfcO #9 ^ -b 9 5 y * * -e* 0 , 
[0 0 2 21 

HtS8 HfS«0|§B^(i, PbO, Na 2 CK K2CK B2 O3 i^^ttL^Ct?: 
#^ti-^>, fif^l - 7 0v^-rtt^(z|ea<7)7;'7^-b7 5 y ?XX~$>*). 
[0 0 2 3] 

S i O2 5 3 - 5 7 % 

P2O5 7. 0-8. 5% 

A l 2 Os 2 3 - 2 6 % 

(ommo^^^^mL^^hii, Pbo, Na 2 o, k 2 o> b 2 o 3 zmnw^^z 

^v^*7X^^ B a a fMlfl) C t Ci ^#^^1, ±gMtLt^-5^ ( /? - S i 
0 2 ) , HZtf/ttzli p -H&BflU* (iff — S i O 2 @v##0 «:#trC t £#$fct-f&. 
m~$M 1 - 8 cov^-f tl^HlB*cD^v^-t v 5 y ? 7,Xh <9 ^ 
[0 0 2 41 

m&mi 0Kum.<D%;wit. iti^t% l i 2 oi^3. 5-4. 5%<Dmmx 
Mt^fi*S9 me«<7)7y~vx-t7 

[0 0 2 51 



MgO 0.5-1. 5 %& J: V/ 1 tz f± 

ZnO 0 . 1 - 1 . 5 % & X If/ t tz It 

CaO 0 . 5 - 1 . 5 % j3 X If/ i tz it 

BaO 0.5-1. 5 i If/ £ £ (i 

T i O2 1. 5-3. 0%&XXf/ttzi± 

Z r 0 2 1. 0-3. 0%^d:^V^^:{i 

AS2O3 0.5-1.0% 



[0 0 2 61 
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[ 0 0 2 7 ] 

W*Jl 1 3 iZ$&m<D&mit. 1 - l 2<0v>Wi:|B*W*5^t9 5 y 

[0 0 2 8] 

■1*311 4 niefc^i&B^fi, af^jRi ~ i 2 m^na^iEis -t ? * y 

m^tz ') 777 7 -ffl^mRIt? 7-T*& 0 , 
[0 0 2.9] 

IS*3ll 5 KfEIRO!&9§{±, ff*Jl 1 - 1 2 m^ftjHif2«<7) #7 X -fc 9 ^ y ? X £ 
ffiv*£ 'J 777 7 -f -ffl-7i^-^f- y'i^liUf^ ^f-y'T** 19 , 
[ 0 0 3 0] 

st*^i 6 iziziswftmi*. - 1 2 o^-f *i^nism<7)#9x-te 5 5 y 
m^fzm&&mmt-?&&o 

[ 0 0 3 1 ] 

yyn\zteVhmmfrh<F>T)\sii 'j^oia^m^i*, A#«r**oisatt, « 

[0 0 3 2] 

surr s c t # , $ <b nife^'ftostjetaajK uoo "c^JLToi&s-e* 9 , fa=? * h 

[0 0 3 3] 

j&$sh^ko^-c. mtz<Dmizm7zLfzmm$:i*Ti,zm'<2> 0 

[0 0 3 4] 

*f$H(PTU\ ^JfilJKftti^LftiWfl-OftLKSRJfiFtt^R^SttSo -ntcj: 19 0 - 5 0 
t:os*l5H{wi3tt*W^3S^S5:£ « = 0 . 0 + 0. 2 x l 0" VC&TfcfctrK a 
L/L^flfcfcfe-fc/MtriU 0X1 0- 7 MOilit5WiL^ i*)4fiL<!J 
, « = 0. 0±0. 1X1 O-VtWT^^^CAL/LOf^f-f/MI^SXl 0" 7 

[0 0 3 5] 

¥^Jl§ B B B li^-f2t^MffiJgop#{+SS^^^o *tL®Z.mm&<o$miB.BtR a (+3 Am 
T**SfiL<, 2ATOUi)ffiLv^ 0 miZZn^ffi&Z^lznztztbbzlitt&nffi 
tti^ B B H ^¥^iSliTi(i'£-ifi!)(: 9 0 n mJilTWJ L < . «t <9 Sfi L < (± 8 0 n ml 

fiTt£(±5 0 nmttl^i L<. £ <9 if * L < fi 6 0 nmlUt*4. 
[0 0 3 6] 

LT«W**gW6»*3f3ofeHi: Ltv^o - <o B ft £ M$L-t Z> tz tb 
^±*£ B H H *BU{i, p--ft$k (/?-S i O2) , p-^3kmmW (iff — S i OaHigflO 
ttS«iL^ 0 £33, #9§*B#K;j3v»-t\ /?-E$@ifttl±^-5$CS i is J: 
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Xfom\-<r>7tmtf&XLtzi><n (interstitial) io <fc Xf/ £ tz itWM Lfzi>co (substitu 
tional) ^Jti- 0 m^*MJ?7 5 v ? X ICjo^Tii, S i + 4 WAl +3 ii^ 

i + , Mg + 2 , Z n^SWa^ti^f ^«^ B B H #-e*^ Lv^o 
[0 0 3 7] 

S i 0 2 i£#f±, «#9*«>aMji3fcj: ±^ H B H ffla: LT#ffl1-&±ie^ B B B ££j&1- 

ffiL<> 5 4. 5 •) Sf £ L^o J fc, j£#fiO_t|&«: 5 6 £ L < , 55. 

8%rt ? i »9 jf t Lv> 0 
[0 0 3 8] 

P 2 0 5 J&5H±, S i 0 2 /&55-£:*#£-£&^<Uc «t »K JK#9;*tf>Sli* • i*Ste*-|6j± 

*"5^-t7 5 7 ^^n*jv^T{ip 2 05^^<7)i75 ? 7. o %jsl±t**> & t mi^^mm 

, 7. 4 %t5 ? J: Lv>„ tti. j£53-iO±Kti 7 . 9%WU<, 7. 7 %^<t 19 

[0 0 3 9] 

A 1 2 0 3 J&7>{±> ^<7)fi^2 3 %m±2 6 %JSLT-C*>* fclStstT^^OjfiFIK^Mfc* I) 

£ tip* < * , ittW?M#^I±t^o 

Huie^m^r «t *9 £ j£5Hltf>T&{± 2 4 %a>mi L < , 2 4. 2 %7&*«fc I) 

ffiU>. ifc, j£#SO±&l±2 5%7&*jf £ L<> 24. 7%^J;^iL^ 0 
[0 0 4 0] 

i 0 2 + A 1 2 0 3 + P 2 0s = 8 6. 0 -89. 0%, P2O5/S i O 2 =0. 12 
30- 0. 1 4 5 0 , P2O5/A 1 2 0 3 = 0. 2 7 0 - 0. 3 3 0 > 
-C&Zt* 0°C- 5 0*COil«iEBBU*JV»r, fi»3t«rtt*:*L<lRl±$*, &{BJ*fft 

t^-c-i & Q «t *)#^u«ria^**i»sn{±, s i 02 + A 1 2O3 + P2O5 

^tiOTIS(i8 6. 5%WU, 8 6. 7 %** J: *) «f i L P2O5/S 1O2 
OT&t±0. UIOWJK^ 0. 1 3 2 0t) ? J: O^f^ Lv^ 0 P2O5/A 1 2 OsOT 
KtiO. 2 9 0#ffH<, 0. 3 0 0^=t Ijjfi Lv^ 0 J fc, S i O2 + A I2O3 + P2 
0 5 O#*fiO±Ki±8 8. 0%#SfiL<, 8 7. 8 %t) ? «t 0 U£ Lv> 0 P2O5/S i 
020±|R(iO. 1 4 2 0WK, 0. 1 4 0 0«t)4HL^o P2O5/A I2O3 
tf>±&f± 0 . 3 2 0 ?W i 
[0 0 4 1 ] 

Li 2 CK MgCK ZnO©3^li s p -HUH^^W^S^T^SSSilS^t 1 
&&#\ cn^><7)3^73-(±. «ME»JftieH<BlR£3*ifcS i 0 2 fi£^J:y f P 2 05^t 

tcjR**9^0»iBltt, »att**L < |6j±£-t*-&M&l£53*-C2>£o 
[0 0 4 2] 
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1" & o Hu IB?** & J: *9 §S \z f# & u (± N j£5hfi<7>TPit (i 3 . 8 % IL<, 3 . 9 % rt* 
[0 0 4 3] 

X ^^sCOTPKi 0 . 6 %m^t L < , 0. 7%rt ? J:^£Lv> 

o £ fc, J&5>Sc9JiPll± 1 . 4 %75^i L < , 1 . 3 Vifti Lv> 0 

[0 0 4 4 ] 

Z n O/^ti, ^Ofi^O. 1 t friB3Sj*^Slfl^HfS]±L, i fz 1 . 5 

StCJi, ^5^»OTPl(iO. 2%7)fH(, 0. 3%^X<0UtL^K Ztz, IM« 
±ffilil. 2%W£L<> 0. 9%^J;t)ffiLv^ 
[0 0 4 5] 

CaCK BaO<?)2^ii, S^lftM^'t'KWfcB L/^&l^cDtf ^ 1 <j y ? 

1fy*-? Y 'J -y ? Xtt<vUmmf$Lfr t LtIIt$,S 0 
[0 0 4 6] 

C a Oj£5H±, -?-co»^0. sro^iT^ilivSrt^^^^lc^^^. l. 5%J^Tt 

$;5hI:<7)TP!{iO. 6%^U<, 0. 7 J: <9 L v> 0 Jfc, j£#*e>±|R{i l 
. 4 L < , 1 . 3 19 &t L^ 0 

[0 0 4 7] 

BaOW, f©i^0. 5%JSLtl. 5 %V1TX$>2> <h fg;^5i#tt^M^^[6]_h 

< . 0 . 7 19 «f i U> 0 i fc, ^^»co±P^(± 1 . 4 £ L < , 1 . 3 %**«t 

*)ftt Lv> 0 
[0 0 4 8] 

^tL?iiTi02l. 5%, Zr0 2 l. 0 %Vl±.XhZ> t S ^ tir ^^^(D^f^n 

til. 7%^fU{, 1. 9 %rt ? J: »)fflF i Lv> 0 Z r 02Oj£5Hi<*>TK{± 1 . 3 

ffiL<, 1. 6 %t5 ? J: Lv> 0 T i O2 ^>*^*<D±ISf±, 2. 9 

L<, 2. 8 %^«t L^„ Z r 02<Df&frm<7)±mt2 . 7%^ffiL<, 2. 4 

[0 0 4 9] 

As 2 o 3 ^ii> ^n^n^n^tz^ij'^ x : mm<Du<Dm : &nt lxwml&z 0 -e 

<^*£t#£Ktij&5>:i:7i ? 0. 5%JSU:1. 0%J£lTOigB7$*&^o 
[0 0 5 0] 

£Jl&;b&v>$EH-e\ SrO« B2O3, F2. L a 2 0 3 , B i 2 O3 > WO3, Y 2 0 3 > G d 
2O3, S n Oifcft* 1 «£fcfi 2ffim±^^ftKt:2 %&T\ flUlC^ C o (X N i 0> 
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Mn0 2 , Fe 2 0 3 , C r 2 Os^OfM^?- 1 ti 2 iW±0^fti"C' 2 %WTi 

[0 0 5 1 1 

7°-9- f K I7x'j>, ^jyx>^^o, T K -fc ;w> 7 > . r- 1/ i- 

tH*t4fc*Uli, H f - * >^Xt" >^ifi^Z r - 9 > ^ * x > &*£ £ li C^fci"* 
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